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Purpose 
CHAPTER I 
THE PROBLEH 
It vTas the purpose of this inve stigation to study the relevant 
mathematical understandings possessed by a group of college students 
at the outset of their work in a professional course in methods of 
t e aching arithmetic in the elementary school . 
Justification 
In recent years much attention has been focused upon mathematical 
understandings as the basis for a.Yl intelligent acquisition and applica-
tion of quantitative skills. For too long a period of time, arithmetic 
instructi on in the e l ementary schools has centered around mechanical 
procedures and stereotyped patterns of thought and operation vThich are 
generally mea.ningless to most children . The inevitable result has been 
a high incidence of quantitative illiteracy . The one most promising 
reme dy for this situation is to be fom1d in our increased concern for 
making arithmetic mathematically meaningful for the child ; i . e ., in 
our attempts to present arithmetic in such a 1·ray that the child sees 
sense, mathematically, in that which he does . This current t rend is 
in evidence in virtually all professional books a..'1d children 'a text 
books relating to arithmetic instruction , and is seen f1..1.rther in pro-
fessional yearboo!G, monographs , and periodicals. 
Unfortm1ately , hmveva r , prospe ctive teachers of elementary school 
arithmetic are products of our past faulty practices, not of our 
current promising trends. There is definite indication from nume rous 
sources that many of these prospective t eachers do not possess enough 
backgro~md of mathematical Qndersta~ding to be able to provide effec-
tive i nstruction l'lhich is truly mathematically meaningful for the 
elementary school child. 
This situation places a definite responsibility upon our Teachers 
Colleges and upon our Scho&ls and Colleges of Education. Before pro-
spective teachers can learn how to teach arithmetic meaningfully, 
arithmetic must be meaningful to them. All too often it is not. Con-
sequently, in Schools of Education such as that of Boston University, 
existing professional 1'1'ork in arithmetic for the prospective elementary 
s chool t eacher must emphasize content before method. What is to be 
taught must be m1derstood before effective consideration can be given 
to hmv the teaching-learning process is developed most advantageously 
in relation to the quantitative aspects of the elementary school 
curriculum. 
To be most effective, the course in 11 Methods of Teaching Arit hmetic, 11 
for prospective elementary school t eachers enrolled in the Boston 
University School of Education, must be guided (at least in part) by the 
backgrom1d of mathematical m1derstandings vrhich students bring to the 
vrork of that course. Consequently, this present i nvestigation can be 
of' great value i n po inting to areas of' strength a.nd vreakne ss in the 
students' back:gro~md of relevant mathematical m1derstandings and in 
forming a basis for determing some of the emphases to be included in 
the course , "Methods of Teaching Arithmetic . 11 
2 
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Scope and Limitations 
This investigation included 92 students enrolled in the course, 
'~Methods of Teaching Arithmetic,_" during the f .irst semester of the 
•. 
1953-54 academic year of the School of Education at Boston University. 
The majority of the group '\ITere juniors; a few 1-rere seniors or full-time 
graduate students. None had previous teaching experience in the elemen-
tary schools. Although the group had somewhat dissimilar backgrounds 
of previous mathematical study, no student had previous systematic 
instruction in the types of mathematical understanding investigated. 
Basic data for the study \'lere secured from the administration of 
ttA Test of Basic Mathematical Understandings," constructed and validated 
by Dr. Vincent J. Glennon of the School of Education at Syracuse 
University, and used vith his permission. This instrument, described 
more fully in later Chapters and reproduced in full in the Appendix , 
measures understru>dings relative to the nature of number and the number 
system, and to computational procedures involving the four fundamental 
processes (addition, subtraction, multiplication, and division) \·ri th 
•·rhole numbers, common fractions, and decimal fractions. 
The test '\'las administered by the instructors of t he course early 
in the semester, before any relevant instruction had taken place v1hich 
might influence performance on the test . 
CHAPTER II 
REVI E\1 OF RE LAT2D LITERATURE AND RZSEA,l:\CH 
The attention 1'1hich has been f ocused i n recent years upon the 
importance of mathematical tmderstandings in the teaching of elemen-
tary school arithmetic has g iven rise t o a parallel f ocus of atten-
tion on the mat..h.ematica l background , training and preparation of 
teachers i n this area of the curriculm. At best it can be said that 
the existing situation is a sorry one , in 1-1hich the term 11 inadequate" 
is a rather generous one to use in describing the mathematical 
competency of most prospective teachers of arithmetic in the elemen-
tary school s . 
One kind of evidence regard i ng the existing situation is t o be 
.!/ 
found in r ecent studies such as those conducted by Grossnickle 
?:_/, 2/ 4/ 
by Layton , and by Rhoads - • Although data for the studies were 
collected from somel·That dissimilar s ot.u·ce s and by di ffe ring methods, 
the conclusions drawn from these data show a high degree of similar-
ity and agreement • 
.!./ Foster E . Grossnickle, 11 The Training of Teachers of Arithmetic 11 , 
The Teaching of Arithmetic . Fiftieth Yearbook, Part II, National 
Society f or the Study of Education: p.20)-)l. 
2/ 
lj_/ 
i'lillia.m I. Layton, 11 .An Analysis of Certification Requirements 
f or Teachers of llf.athematics 11 , Contributions to I!: ducation iifo. 402 . 
Ge orge Peabody College for Teachers , P • 215 ; l 949 . 
\'lilliarn I. Layton , 11 The Certification of Teachers of l4athematics 11 , 
Nathematics Teacher, 42: 577-00; Decembe r 1949 . 
1argaret V. Rhoads , The Training of Elementary School Arithmetic 
Teachers , Ed . D. project report , Ne.-t York, Teachers College , 
Columbia University , 1950 . (Typeur_itten)_ _ 
4 
The most pertinent findings from these three studies have been sum-
2/ 
ma.r i zed by Vleaver in his review· of recent research on "Teacher Educa-
tion in Arithmetic, 11 as follm-rs . 
Grossnickle's chief sources of data included general professional 
literature on the subject, catalogs from liberal arts colleges and uni-
versities ;-rhich have departments or colleges· of education that prepare 
teachers for the elementary school, and replies from a questionnaire 
sent to accredited teachers colleges . Layton 1s data •·rere drawn from 
official certification rules and regulations for teachers of mathematics, 
Grades I thru XII, for each of the states and the District of Columbia; 
and from replies to questionnaires submitted to each state certification 
officer and to nationally recognized specialists in mathematics . Rhoads 
secured her data from normal school and teachers college catalogs; from 
letters of inquiry sent to the superintendent of schools, or public 
instruction, in each state and the District of Columbia; a~d from pre-
vious research and general professional literature on the subject. 
All three studies pointed to the extremely low requirements i n the 
subjectmatter of mathematics for those preparing to teach in the ele-
mentary schools. Both Grossnickle ru1.d Rhoads reported that three-fourths 
of the teachers colleges require no credits in secondary-school math-
ematics for admission. Furthermore, Layton reported that only 10 states 
require a~y ivork in background mathematics at the college level for 
certifying applicants without teaching experience. The mean require-
ments \'Tere reported as .52 semester hours -. Paralleling this condition, 
Grossnickle reported that only one out of 62 departments of education in 
liberal arts colleges, and only three out of 18 colleges of education, 
require any ;-10rk in background mathematics as part of the training 
program f'or elementary-school teachers . The mean requirements i'Tere 
reported as . 1 semester hours for the departments of education ru1.d •5 
semester hours for the col l eges of education. The condition in the 
state teachers colleges is slightly better, but not encouragingl y so. 
Bet1•1een one-third and t>-To-thirds of the state teachers colleges require 
·Hork in background mathematics, de pending upon the different general or 
specialized curriculums offered. The mean requirements rru1ged between 
1.2 semester hours and 2.0 semester hours. General l y speaking, both 
Grossnickle a..~d Rhoads found that during the past 25 years, ;-rhereas 
the over-all training period for teachers in the elementary school has 
increased from a mode of two years to a mode of four years , the amount 
of required i'Iork in background mathematics has decreased dru1gerously. 
Both Grossnickle and Layton recommend. six semester hour s oi' \'lork in 
background mathematics as a minimum requirement for elementary-school 
teachers, regardless of curriculum level of specialization. 
• • .... • • .. • ~ ~ . -. • •• • -· .; ··' : • •• • ' • ' • •• < • 
2./ J. Fred VIe aver, tt Teacher Education in Ari thmetic 11 , Review of 
Educational Research 21: )17-18; October 1951. 
5 
Various professional articles have del t , at least in part, iii th 
the need for more adequate preparation f or prospective teacheTs of 
arithmetic, especially fr om the standpoint of content background 'Iii th 
an emphasis upon mathematical understandings. To substantiate this con-
tention, the opinions of various authorities in the field of mathe-
matics are nmoJ" presented: 
6/ 
Vlren,- discussing the training of teachers of arithmetic, listed 
six objectives or skills iihich he feels are basic goals to be considered 
in the preparation of competent teachers of arithmetic . The implication 
that ''lren d1·a;·rs from this list seems to ag1·ee >ii th the present ;-rri ters 1 
fundamental hypothesis that one cannot teach '1-rhat he himse l f does not 
knm-r. 
No teacher can hope to lead a student to a level of functional 
competence higher than that >'Thich the teacher himself has attained • ••• 
For students these abilities and skills are distributed over the grades ; 
but for the teachers, at any grade level, they constitute a substancial 
minimum requirements for teaching •••• Unless the teacher can use number 
s;y1nbolism effectively and idthout st1..1mbling , analyze and interpret quan-
titative situations, solve problems >'Tith confidence even >'Then the ans..,.rer 
is not available, and think in terms of abstractions and generalizations 
of ru·itP~etic , he has no right t o accept the responsibility of trueing 
the message of arithmetic to the uninitiated. He has no message to take . 
11 
The Second Report of t he Commission on Post-\'1 ru· Plans had this to 
say of ru·ithmetic teacher prepru·ation~ 
£/ 
11 
F . Lym·rood \'iren, 11 'rhe Professional Preparation of Teachers of 
Ari thmetic 11 , Arithmetic 191~8, Sup1)lementary Educational 
Monographs . No. 66:pp. 82, 8), 88; October 1948. 
National Council of Teachers of 1 athematics , 11 The Second Report 
of' The Commission on Post-Vlar Plans 11 , lo1athematics Teacher 58: 
PP• 215, 216, 217; Hay 1945. 
6 
Each prospective teache r should be expected to achieve and to 
demonstr ate mathematical competence . • •• students L pr os pective t e achers 7 
should prepare themse lves 'Lmtil t hey carl. make a satisfactory score on an 
acceptable examination •••• Importai1t as this kno"lTledge is Tt .eory and 
background of elementary mathematics_? for the average citizen, it is 
vastly more i mportant for teachers. Lacking it, teachers '\'Till scarcely 
be qualified to help their pupils to acquire if •••• prospective teachers 
must learn hovr to deve lop meanings, understandings, generalizations, a 
sure grasp of relationships, and the like •• • • A >·Tell-prepared teacher of 
mathematics should have adequate training so that he can meet all class-
room situations 'I'Ti th that assurance vrhich can be based only on 'I'Tide 
kno\'lledge and rich backgro"Lmd. 
§/ 
i'leaver, in describing the thesis that elementary teachers need to 
have a broader command of mathe:onatical mea.."ling than that \'Thich they ;·rill 
teach, states: 
••• the extent to uhich meaningful arithmetic instruction becomes a 
reality for children is directly proportional to the extent to \ihich 
arithmetic is meaningful to the classroom teacher herself . It is an 
i mpossibility for teachers to emphasize and direct attention to the 
development of meanings ~~rhic};l they themselves do not understand , or of 
1·rhich they are not cognizant!~ Furthermore, no teacher can expect her 
instruction to be most meaningful to pupils until her own breadth and 
depth of meaning transcends that which she expects to develop in her 
pupils. 
A three-fold or three-sided problem must be faced so far as present 
and future teachers of arithmetic are concerned • 
. (1) They must recognize the necessity of meaningful instruction as 
a prerequisite to functional competence . 
(2) They must have an underst~~ding of meanings to be developed , 
both from the lev_el of experience and maturity of the pupil being 
taught and from that of the teacher herself. 
(;5 ) They must be conscious of the psychological and methodological 
aspects o:f' a meaningful instructional program-. 
2./ 
Schaff, in presenting a content course in arithmetic , "lrrote: 
For one reason or another, an inexcusably large number of pro-
spective and experienced elementary school teachers simply do not knmt 
as much arithmetic as they should in order to teach it effec tively· • 
§/ 
2.1 
• 
J. Fred \'Ieaver , 11 A Crucial Aspect of Meaningful Arithmetic 
Instruction11 , :Mathematics Teacher 45: P• 112; March 1950. 
ihlliam 1. Schaaf, "Arithmetic for Arithmetic Teachers" , School 
Science and r~~athematics 55; : P• 537; October 1953· 
7 
1:21 
Nei'Tson , in outlining a course of instruction in the content of 
arithmetic for elementary school teachers , commented thusly: 
All too frequently teachers i n the elementary grades are hardly 
a jump ahead of their alert students, and many teachers · •• ·• lack con-
f idence before t heir classes in approaching various arithmetic concepts • 
.lll 
In 1951, i'l il burn and VI ingo 111•ote of the importance of providing 
prospective e lementary school teachers vli th a better understanding of 
arithmetic: 
In nothing vrhich is taught in the elementary school is it more 
impor tant that teachers have an adequate m1derstanding of the content 
itself than in arithmetic. Yet it is probable that elementary- school 
teachers have less insight into the content of m·ithmetic than into 
any other aubject·. · •• ·• 
One thing r.·rhich is probably needed is for teacher- training insti-
t utions to pay more attention to providing prospective elementary-
school teachers 1-r ith a better understanding of arithmetic and the number 
system. At the present time very fevT of them appear to do this, so 
the responsibility must fall on those responsible f or the in- service 
training of teachers·. The question of methods of teaching arithmetic 
is an important one in both pre-service a.1'ld in-service training , but 
the understanding of the subject itself is of at least equal importance ·. 
Teachers uill not see t he importance of chEmging t heir methods of 
teaching tu1less they h ave st~ficient understanding of the number sys tem 
to enable them to see the deficiencies in their methods ·. 
0. V. Ne"l'rson , 11 Mathematical Background Needed by Teachers of 
Arithmetic 1~ , The Teaching of !..rithmetic , Fiftie th Year book, 
Part II, Nat ional Society for the Study of Education; . P • 2)2; 
1951. 
D. Banks \'lilburn and G. Max tHngo , 1 ~ In-Service Development of 
Teachers of Arithmetic 11 , The Teaching of: Aritl1..metic, Fiftieth 
Yearbook , Part II, National Society for the Study of Education; 
p ·. 253; 1951·. 
-- -- -----~-
8 
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The Guida.nce Report of the Comm.ission on Post-Vlar Plans- further 
substantiated the fU11damental belief that teachers first must under-
s tand the content of arithmetic before they can teach it effectively. 
THere are over a half mi llion teachers in our elementary schools. 
Not all of them have to teach arithmetic . Some are departmentalized . 
If you should wish to qualify for such a position, the main require-
ment v1ould be that you understand arithmetic·. You cannot teach what 
you do not kno'\IT. 
Speaking of the value of both pre-service and in-service training 
]:2/ 
of arithmetic , Iv!ayor commented: 
Remedial work with meaning, if necessary , to bring all prospective 
t eachers up to a defined minimum level of achievement should be pro-
vided before any special training in mathematics-•• • • Even though the 
prospective teacher may have made a good record in a first semester 1s 
college mathematics course ••• he may still have little real understru1d-
ing of some of the basic concepts of elementary arithmetic Nhich he vtill 
be called upon as a teacher to teach·_·meaningfully . Direct attention 
must be given to these concepts in the teacher training program. 
The research and literature cited thus far emphasized a need for 
increased preparation in content mathematics , especially from the 
standpoint of basic Ul1derstandings , for prospective teachers of arith-
metic in the elementary schools. The real ity and urgency of this need 
14/ 
has been highlighted in the findings from a pioneer study by Glennon.-
12/ National Council of Teachers of Mathematics : Commission on Post-
- Vlar Plans, Final Report , 11Guidance Report of the Commission on 
Post-War Plans 11 ,1-fa.thematics Teacher 40: p.)2lf; November 1947 . 
1.2/ J . R. Mayor, 11 Special Training for Teachers of Arithmetic 11 , 
School Sc i ence and M:athematics 49: P•547; October 1949. 
14/ Vincent J . Glennon, !::. Study of the Grm·vth and Mastery of Certain 
Basic Mathematical Understru1dings 2£ Seven Educational Levels. 
Doctor ' s thesis. Cambridge : Graduate ~chool of Education, 
Harvard University , 1948. (Typewritten) 
'I 
II 
II 
Because no appropriate instrwnent existed , Glennon constructed 
and validated an 80-item test of basic understandings relating to the 
arithmetic content of the first six grades of' the elementary school~ 
By the normative method of investigation he 't·ras able to gather data 
for the study of prev ailing conditions at seven educational levels, 
ranging from children in the elementary schools to teachers in service'. 
Only t>·IO of the educational levels, hm·rever , are of concern in relation 
to the i'triters 1 present study: Teache1· s College freshmen and Teachers 
College seniors. Glennon ' s data for these t1·1o levels 1<rere based on 
144 and 172 cases respectively, from three different ~eachers Colleges . 
121 
Among the numerous conclusions reported by Glennon , the follo'i'r-
ing seem most pertinent·. 
The Teachers College freshmru1 Lmderstru1ds about 44% of the basic 
mathematical 'LU1derstandings tested. These 1.mderstandings are b as ic 
to t he computationa l processes commonly taught in grades one through 
si.'{J 
The Teachers College senior understands about 4;% of these basic 
mathematica l understru1dings!. 
There were no (zero) items that Here easy enou,&h to be ansuered 
corre ctly by all (lOa%) of the i'reshrnen · •• ·• £.or_J by all (100%) 
of' the seniors. 
erence in achievement of basic mathematical understandings bet;·reen the 
i'reshmen and t he seniors . He fou.."'ld further that there \'Tas no statistic-
121 Vincent J. Glennon, 11 A Study in Needed Redirection in the Pre-
paration of Teachers . of A.rithmetic-. 11 Ymthematics Teacher 42: 
·P. 595-94;; December 1949. 
-=----- ----= __ :....:.... 
10 
ally significant difference in level of 1..mderstandings beti'reen seniors 
i'Tho had studied a course i n the 11 sychology and Teaching of Ari thmetic 11 
and seniors vrho had not studied such a course. In ot..her words, although 
f ormal s tudy 1..mdoubtedly made ~ significant contribution to the 
professional preparation of the prospective teachers investigated, this 
i·rork in question l'trought no significant change in their level of mathe-
matical understanding, at least of the types tested. 
The fact that certain of Glennon's findings are far from atypical 
or exceptional is substantiated by the findings of a study conducted 
16/ 
by Orleans • As part of an investigation of mathematical understand-
ings possessed by both prospective and in-service elementru·y school 
teachers, he administered a free-ans\'i'er response test of 21 questions 
to the following groups: 
195 undergraduates i n the four mQ~icipal colleges of New Yor k City 
11ho 'lvere completing a course in methods of teaching in the elementary 
school, including the teaching of arithmetic. 
540 undergraduates of the same fo1..rr colleges doing student teaching 
in the elementary school. 
On the basis of a careful analysis of the responses given by these 
555 students to the 21 test questions, Orleans concluded that not only 
do many 11 •• • prospective teachers have difficulty in verbalizing 
their thoughts i'lhen they try to explain arithmetic concepts and pro-
cesses, 11 but also 11 • • ·• that there are fe'l'r arithmetic concepts and 
16/ Jacob S. Orleans, The Understanding of Aritmuetic Processes and 
Concepts Possessed ~ Teachers of Arithmetic, Office of Research 
and Evaluation, Division of Teacher Education, Publication No. 12. 
Ne'I·T York: College of the City of Nei'i' York, P• 59; 1952. 
1:1 
processes that can be r eadily explained by a large percentage of 
l]./ 
.{"prospec t ive_? teachers. 11 
It is significant to observe that both Glem1on and Orl eans make 
similar statements on the basis of their research findings. 
18/ 
-One aspect of the needed redirection of the training of teachers 
of arit~etic seems to lie in the professional training offered in the 
teachers colleges and schools of education •••• Little emphasis is placed 
on the professional study of arithmetic as a sci ence of numbers , -- as 
a system of related ideas, -- as a series of number relationships . 
• • • Unde r standing -- This is the frontier of needed redirection i n 
the training of teachers of ru·ithmetic . 
19/ 
- If the understa._Ylding of arithmetic possessed by teachers is to 
be increased, teacher-training institutions must mru{e this one of their 
goals . The teacher-education institutions may have only an indirect 
inf'luence on the program of number '\'lark in the schools, but they can 
directly influence the prospective teacher 1s knm·tledge and understand-
ing of arithmetic and his preparation for his responsibilities in getting 
children to learn about numbers. 
The professional research and literature in this Chapter hs2 
emphasized the mathematical backgrov.nd and preparation of nrospective 
teachers in the elementary school. This is in keeping l'li th the nature 
of the i'Tri ters 1 present investigation, i'lhich seeks to study 
18/ 
19/ 
Jacob S. Orleans, The Understanding of Arithmetic Process and 
Concepts Possessed~ Teachers of Arithmetic. Office of Re-
search and Evaluation, Division of Teacher Education, Publica-
tion No . 12. Nei'r York: College of the City of Ne11 York , p . 9; 
1952. 
Vincent J. Glennon, "A Study in Needed Redirection in the Pre-
paration of Teachers of Arithmetic • 11 Ha.thematics Teacher 42: 
P• 395-96; December 1949. 
J. s. Orleans and Ed11in VJ'andt , 11 The Understandings of Arithmetic 
Possessed by Teachers", .1'.ill::. Elementary School Journal 55: 
P• 507; 1\! ay 1953· 
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the background of mathematical understandings possessed by a group 
of prospective elementru·y school teachers currently enrolled in the 
School of Education at Boston University. 
This Chapter >tould not be complete, houever, ;d thout pointing 
to a related area of concern·. Unfortunately, all that has been 
vrri tten relative to the mathematical background and preparation of 
prospective teachers of arithmetic is equally appropos of the teacher-
in-service. The studies conducted by both Glennon and Orleans found 
the existing situation for teachers-in-service to be generally little 
better -- and in some phases, no better -- than that f or prospective 
teachers. Thus , the challange uhich faces our schools of education 
II 
and teachers colleges -- the cha.llenge of increased attention to basic 
I mathematical understandings -- is a thing to be met at the in-service 
level as '·Tell as at the pre-service level". 
~ 0":"-.-==-===--=- --- -=----=--==--
CHAPTER III 
PROCEDUI"\E 
In November of 1953 the Glennon 1~Test of Basic :tvrathematical 
Understandings 11 \'Ta.s administered t o 92 students in the course, EE-441: 
}~thods of Teaching Arithmetic, at the Boston University School of 
Education. 
The validity and reliability of the instrument had been established y II 
for this purpose in connection uith a previous research study. 
ever, tuo of the items in the original test 1•tere modified slir;htly by 
Prof. J. Fred ~Teaver 1-d th the permission of the author . 
The test as administered consisted of 00 items vlhich vtere grouped 
into five sections as follOi·rs: 
Section I - The Decimal System of Notation 
Section II- Basic Understandings of Integers and ~rocesses 
Section III- Basic Understandings of Fractions and Processes 
Section IV - Basic Understandings of Decimals and Processes 
Section V - · Basic Underst~ndings of the Rationale of Computa-
tion 
II 
I 
I 
I 
For administrative purposes it 1·ras necessary to impose a time limit ll 
of 65 minutes of 1vorking time for the test. This ;-;as divided proportion-
ately among the five sections. Approximately 9Q% of the students co~ 
pleted all 80 items on the test~ 
11 Vincent J .• Glennon, !::. Study of ~ Gro;-vt.h ~Mastery £f Cer tain 
Basic Mathematical Understandings ~ Seven Educational Levels , 
Dbctor ' s thesis; Cambr idge: Graduate School of Education, Harvard 
University, 1948. (Type>vr itten) 
! 
II 
To facilitate checking of the scoring >'Thich l"l'as done, the f'ollo~r-
ing l'Tere tabulated on each paper for each section and for the test as 
a Hhole: items right, items >'Trong, items omitted. Each student's rau 
score, for each section and for the test as a l'thole, l'Tas expressed as 
items right. 
Frequency distributions i"l'ere set up for the ra\'1 scores on each 
section and on the test as a i"l'hole. These distributions, along uith 
their means and standard deviations, appear as Tables I - VI of 
Chapter IV . 
The difficulty level and discriminating power of each test item 
?:.I 
were determined by use of Fan's Item Analysis Table, the former factor 
being especially valuable in indicating the extent to i·thich various 
mathematical concepts and understandings were mastered by the group 
tested. The latter factor ;-rould be helpful in malting any further 
revisions of this test. These ru1alyses are presented in Tables VIII -
XII of Chapter IV. 
The difference in the performance beh"l'een men and women on the 
test as a \-thole lias investigated . Basic data for this comparison uill 
be found in Table XIV of Chapter IV . 
Norms, expressed in the form of Percentile Rank , were established 
for the group tested. This uas done only for the test as a whole and 
not f or each section. Percentile ranJr..s 'l!tere computed from the formula: 
PR = ( :t ) 1- R- 2 N X 100 
in i-.rhich a rank of 1 i·Tas assigned to the highest score. 
?:.1 Chung-Teh Fan, Item Analysis Table, 
Educational Testing Service: Princeton, N.J., 1952 . 
+--
II 
tl 
Although the reliabilit.y of t he 11 Test of Basic lJ~athematical 
Understandings 11 i·ras determined in a previous study, it seemed 
a dvisable to determine the reliability of t he test as a 1r1hole for 
t h is pru·ticular group, ~~d also to investigate the reliability of 
each section seperately. The reliability coefficients presented in 
Table J:V I of Chapter I V, i·lere computed using the Kuder-Richardson 
2.1 
formula : 
n 
r = X 
n - 1 
in uhich: 
n = number of test items 
I:T = st~~dard deviation of test scores 
p = proportion of g r oup responding correctly to a test item 
q = 1 - p 
Finally, ti-ro typ e s of relationship vrere investigated by the co r -
relation technique . First, inter-correlations '\'Tere computed betueen 
each pair of sections on the test, and are presented in Table XVII of 
Chapte r IV . Second , corre lation s vrere computed bet1rteen the score on 
each section of t he test and t he total score minus the score on that 
.L' sec .... J.. on . 
2/ Henry E . Garrett, Statistics in Psychology and Education, Fourth 
Edition . (Nei·r York: Longmans , Green and Co., 1953) P• 335• 
j _G . 
CHAPTER Dl 
PRESENTATION .AJITD .'\.NALYSIS OF DATA 
The basic data. from the administr ation of Glennon 1 s 11 Test of' 
Basic Mathematical Understandings" is presented beloH (Tables I - VI) 
in the form of frequency distributions of the ra.l'I scores (Number of 
i terns correct) on each section of the test and on the test as a. 'i'Thole. 
TABLE I 
Distribution of Scores on Section I (The Decimal System of 
Notation) of the 11 Test of Basic Mathematical Understa.ndings 11 • 
Items 
Correct .&1 .L 
15 2 
14 10 
13 16 
12 15 
11 5 
10 10 
9 16 
8 5 
7 5 
6 5 
5 2 
4 1 
. . . . . ~ . 
N = 92 
M: - 10.61 
-0'" = 2.62 
:17 
-- -'if 
It is of interest to observe that the mean number of items correct 
(10 . 61) represented approximately 71% of the 15 · items in this section of 
the test·. 
j_8 
I 
II 
t 
II 
I 
TABLE II 
Distributions of Scores on Section II (Basic Understandings of 
Integers and Processes) of the ~Test of Basic ~Iathematical 
Understandings 11 • 
Items 
Correct f 
15 3 
14 7 
13 17 
12 18 
11 17 
10 16 
9 9 
8 4 
7 1 
-N - 92 
M - 11.38 -
cr- - 1·.77 -
It is of interest to notice that in this section of the 
test the mean score of 11.38 represents approximately 
7'5% of the 15 items • 
II 
II 
TABLE III 
Distributions of Scores on Section III (Basic Under-
standings of Fractions and Processes) .of the 11 Test 
of Basic Mathematical Understandings • 1~ 
Items 
Correct f 
15 1 
12 2 
11 8 
10 8 
9 12 
8 8 
7 9 
6 17 
5 9 
4 9 
) 6 
2 ) 
N - 92 -
M - 7.0) 
-
CJ = 2.65 
The observation may be made that the mean score of 
7.0) represents approximately only. 47% of the 15 items. 
20 
' 
- -~ 
I' 
II 
TABLE rJ' 
Distributions of Scores on Section IV (Basic Understand-
ings of Decimals and Proce sses) of the 11 Test of Basic 
Mathematical Understandings • 11 
Items 
Correct f 
19 2 
18 0 
17 1 
16 4 
15 4 
14 6 
13 6 
12 7 
11 6 
10 9 
9 8 
8 5 
7 7 
6 7 
5 5 
4 5 
3 6 
2 2 
1 2 
N = 92 
M - 9·27 -(J"' .. 4.01 
21 
!I It is of interest to obse1·ve th<J.t the mean number of items 
correct (9.27) represent,ed <lpproximately 46% of the 20 items. 
- I 
I' 
II 
TABLE V 
Distributions of Scor es on Section V (Basic Under-
s t an'dings of the Rational e of Computation) of the 
11 Test of Basic :Mat hematic al Understandings." 
Items 
Correct f 
14 1 
1.5 .? 
12 4 
11 0 
10 6 
9 10 
8 12 
7 12 
6 11 
5 7 
4 11 
.? 6 
2 4 
1 1 
.o 4 
N - 92 
-
M = 6.55 
cr = 3·15 
It is of interest to not ice t hat in this sect ion of 
the t e s t the me an score of 6.55 re present s approxi-
mately 4~ of the 15 items. 
23 
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TABLE VI 
Distributions of Scores on the ~Test of Basic 
Mathematical Understa11.dings 11 in , its Entirety. 
Items 
Oorrect f 
74-76 1 
71-73 0 
68-70 2 
6~7 1 
62~ 1 
59- 61 7 
56-58 5 
53-55 .6 
50-52 7 
47-49 5 
44-46 13 
41-43 12 
38-40 5 
35-37 11 
32-34 10 
29-31 2 
26-28 1 
23-25 0 
20-22 2 
17- 19 l 
N •; 92 M 
= 
44'. 84 
CJ 
-
11.19 
-
24 
A noticeable and interesting factor of the test in its entirety 
is that the mean score of 44-. 84 represents only approximately 56fo 
of' t..'l].e items • 
= 
To better illustrate the gene r al perfo rmance of the group 
tes ted , a compari son chart has been prepared i·rh ich sho'l'rs, i'or each 
s ection of the t e st a.."l.d f or t h e t e s t as a >·Tho le , (1) the mean and 
standard deviation , and (2) t he me an expressed as a percent of t he 
ma..'Ci mum possible score . 
TABL3: VII 
Comparison of lVIeans and Standard Deviations on 
each Te s t Se ction and on the Test as a 1;.fhole 
-
MEAl'J EXPRESSE.D 
SECTION OF .TES'r HEAl~ SCORE AS% OF THE 
TOTAL I TEHS 
Section I ( The Decimal 
System of Notation) 10.61 71% 
Section II ( Bas ic Under-
standings of Integers 
and Processes) 
11.)8 75% 
Section III (Basic Under-
standings of Fractions 
and Processes) 
.. ·7 .05 47% 
Section IV (Basic Under-
standi ngs of' Dec i mals 9-27 46% 
and Proces ses) 
Section V (Basic Under-
stru1dings of' the Rationale 6.55 43% 
of' Computation 
Test in its entiret y 44 . 84 58fo 
S .D . 
2.62 
1.77 
2.65 
4 .01 
) . 15 
11 .19 
On Sections I a.11d II the group 1s level of understanding >•ras 
higher than on Se ctions III , IV, and V. For t he test in its entirety, 
the group as a \·Thole responded correctly to an average of' only 56~; of 
the items in the test . 
='-=-~ -- --==-=~= 
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Item analysis, shol·Ting indices of "difficulty and index of 
discrimination for each test item 
In order to determine the difficulty level and discriminating 
pouer of each item, the writers , by use of Fan 1s Item Analysis 
. 
±able , tabulated t\'TO indices of difficulty (p and A ) and one 
index of discrimination ( r )'. 
-
In the Tables "irhich follo;-r, /J.. pJ represents the proportion 
of t he total population passing an item, estimated from the propor-' 
tion passing the item in the highest 27/o and the lo;orest 27/o of the 
total scor es; ~A~ represents a statistic related to p in such 
a manner that A increases with increasing item difficulty, and that 
equal increments in A represent equal increments of difficul tyj 
and , ~r:? represents the biserial correlation between success or 
failure on each test item and total score . 
In interpreting the data presented in Tables VIII - · XII, 
. . . 
A-values of a·.o and below are considered to be indicative of very 
easy items which h ave been mastered 'l'rell by the group tested. 
A -values of 18'.0 and above are considered to be indicative of very 
difficult items uhich have not been mastered \'Tell by the group tested. 
Furthermore, r-values of ' ~40 and above have been1 interpreted as 
good l eve l s of discrimination. Items for which r is betl'leen ·.;so and 
-.59 are interpreted as being questionable in their discriminating 
po\ier. Finally, items for which r fell belo\·r·. • 50 discriminate 
poorly and merit serious study l-rith a view to\'rard revision·. 
In Tables VIII - XII the symbol f:.•J is used at times at 
the right of a number, indicating that no value "las listed in .Fan •s 
table and that this number has been approximated. 
tl 
TABLE VIII 
Item analysis, showing indices of difficulty and 
index of discrimination of each test item of Sec-
tion I (The Decimal System of Notation) of test 
ITEr·1 NU1,IDER. 
·'0 A . r 
... ' . ' . . . . . . . . . . ' . . . ' . . - . 
1 r.oo A<6-.4* .00* 
2 ·. 98* A(6.4* r ( o.OO* 
3 ·79 9·7 . .40 
4 
·79 9·7 ·57 
5 .-. 90* 7· 8* ·57 
6 
·71 10.7 ·.43 
7 ·. 83 9-.2 
· 51 
8 • 78 9. 8 ·. 28 
9 ·• 70 10.9 ·.46 
10 -. 62 ll.8 
·58 
11 -.58 12.2 ·.64 
12 -. 56 12.4 -.25 
l) . 60 12 .• 0 ·.oo 
14 ·.48 1).2 .16 
15 .)9 14-. 1 
·50 
29 
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I 
II 
I ~ I 
I! 
I, 
The understandings measured by Items 1, 2, and 5, presented 
little or no difficulty f or the group tested·. None of the under-
standings 'VIas found to be exceptionally difficult·. 
Items 1, 2, 8, 12, 13, and 11~ discriminated very poorly bet;.reen 
those s tudents maldng high a."'t"ld lo"t-r scores on the test as a uhole ·. 
The nature of the Ul1derstru1dings ru1d the items mentioned above can 
be studied more fully oy reference to the test i tself. (See Appendix) . 
It is of interest to note the items roughly follo'Vr in the order of 
increasing difficulty". 
--
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TABLE IX 
Item analysis , shovring indices of' difficulty and 
index of' discrimination of' each test item of' Sec-
. t i o11 II (Basic Understandings of Il'ltegers and 
Processes) of test • 
ITEH .NIDffiER . . p ' . . . . . A ... . . . . . r ' . 
. . . 
·' .. . . . . . . . ·'. ', . . . . ' . . . . . . . 
1 r . oo A{6 .• 4 .OO* 
2 
·98* A( 6 .1~ r (o·. oo* 
3 ·90 1·9 - . 09 
4 ·. 8/5 8'.9 ·. 28 
5 ·. 6o 12.0 . 24 
6 ·. 92* 7'·4* · 53* 
7 ·. ett 9·. o ·.48 
8 ·. 74 10.4 ·. 15 
.. 
-~ 
9 ·. 65 11 .4 .4) 
10 ·.8) 9 .2 · 51 
11 . 10* 18.2* · 57* 
12 
·56 12.4 .41 
13 .. 96* ll{6.)* r) ·. 26* 
14 .&S 8·. 7 ·.44 
15 ·.6) 11'. 7 ·.47 
. . 
The ~mderstandings measured by Items 1, 2 , and 5 presented little 
or no difficulty for the group tested . None of' the understandings 
was f ound to be exceptional ly difficult. 
Ite:ma 1 , 2, ), 1~, 5, 8 , and 13 discriminated very poorly beti-i'een 
those maldng high and 1o~r scores on the test as a \'Thole 
11_ 
TABLE X 
Item analysis , shovting indices of difficulty and 
index of discrimination of each t e st item of Sec-
tion III (Basic Understandings of Fractions and 
Processes) of the test . 
ITEH .NmiBER . . . ·P - .. - .. . .. - A . - .- . - . . . . :r. - . 
.. . . . . . . . . . . . . .. .. , .... . .. . . .. . - . . ' . . . . . 
1 . 86* a··7'* . 65* 
2 .46 1) .4 - .20 
3 .96* A{6.3* r) .26* 
1~ 
.46 1) .4 . 20 
5 ·. 69 11 .0 ·. 58 
6 
· 39 14. 1 ·.42 
7 .41 13 .9 
·53 
8 .21 16 .• 2 . 28 
9 .08* 18.6* 
·5:?* 
10 ·.44 1) .• 6 ·.74 
11 . )6 14.4 
·55 
12 .46 1) .4 . )6 
13 . 19 16 .5 ·.54 
14 .6) ll .7 
·77 
15 ·~50 1) .0 .44 
The understanding measured by Item :? in this section of the test 
11as the only understanding '\'Thich presented little or no di ft'icul t y for 
the group tested. The understanding measured by Item 9 1-ras found to be 
exceptionally difficult for the group tested . 
Items 2 , 3, 4, and 8 discriminated very poorly bet1-1een those 
students making high and low s cores on the test as a '\'Thole • 
32 
I 
Jl 
TABLE XI 
Item analysis, showing indices of difficulty and in-
dex of discrimination of each test item of Section IV 
(Basie: Understandings of Decimals and Processes ) of . 
the test· • . 
ITEM NUMBER p A r 
1 .86• 8·.7 . 65 
2 
·70 10.9 ·.46 
3 ·53 12.7 ·.63 
4 ·. 38 14.2 ·.58 
5 .45 13.·5 ..  60 
6.- ·37 14.3 .47 
7 ·32 14.8 ·~49 
8 ~7a 10.6 ·53 
9 ·.48 13 .• 2 ·56 
10 ·39 14 .• 1 ·50 . 
11 ·.65 n·.4 ·.43 
12 ·.36 14 .• 4 ·55 
13 ~69 u ·.o 
·37 
14 
·35 14-.6 : ·.43 
15 ·.58 12 .• 2 .29 
16 .11* 17.~ . 60* 
17 .24 15 .• 8 ·.62 ' 
18 ··35 14 .• 5 ·.64 
19 ·.62 11-.7 .;o 
20 ·.40 14 .• 0 .61 
33 
An interesting factor to notice in Section IV of the test is 
that none of the ~mderstxndings presented little or no difficulty 
for the group tested. The understanding measured by Item 16 was 
II found to be exceptionally difficult . 
Only Item 15 discriminated poorly between those students 
making high and low scores on the test as a whole . 
,, 
I 
,I 
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TABLE XII 
Item analysis, showing indices of difficulty and 
. index of discrimination of each test item of Sec-
tion V (Basic Understandings of the Rationale of 
Computat i on) of test·. 
ITEM NUMBER p A r 
1 ·. 50* 13 .• 0* - ··.12* 
2 ·. 23 15 .• 9 '~32 
3 ·.4:; 13~7 ·.56 
4 ·.68 n ·.l ·. 18 
5 ·54 12 .• 6 '~20 
6 '.61 11' .• 9 '~50 
7 .·.09 18 .• 3, :··30 
8 '· 55 12 .• 5 '•25 
9 ,·~40 14 .• 0 !:25 
10 , ·~62 n·.7 ·. 30 
11 ..  1o• 18~2.· · 57* 
12 ·.45 13 ·5 ~67 
13 ..  69 11' .• 1 ~. 7l 
14 ~ .71 10 .• 8 ·. 69 
15 1~4:; 1;5'. 7 :.49 
None of the understandings of Section V of the test presented 
l ittle or no difficulty for the group tested. The understandings me~ 
sured by Items 7 and 11 were found to be exceptionally difficult. 
Items 1, 4, 5, 8, and 9 discriminated very poorly betw·een those 
students making high and lo\'1' scores on the test as a l'lhole. Item 1, in 
this case, shoued a n~gative discrimination·. 
35 
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Percent of 
Students 
Pas sinK 
75% or 
Ivrore 
50~-;, - 74'Jo 
25%- 49% 
Less than . . 
25~b 
Total 
TABLE XIII 
Comparison of Proportion of Students Pass i ng 
Various Percents of Items on Each Section of' 
the Test and on t he Test as a i'lhole 
Percent of' Items 
Section Section Section Section Section 
I II III IV v 
47% 6o% 13% 5% o% 
40% 33% 2o% 35% 53% 
13% 0% 1~7% 5~/o 27% 
. . . . 
o% 1% 2_0% lo% 20% 
.. . . . . . . . . . . . . . . . . . . - .. . . .. 
l Oo% l Oc% lOofo lOCI% 10~ 
Test 
as a 
'\'Thole 
24% 
36% 
. . . ~ . 
29% 
11% 
lOG% 
Table XII I should be interpreted in the f olloi'ting manner . On 
Section I of the test, 4T;~ of the i tems '·rere passed by 75% or more of the 
s t udents; 40% of the items were passed by 507~74% of the students; l~& : of 
the items vrere passed by 255&-1+9% of t he students; none of the items vias 
passed by less than 25'}~ of the student s. The rest of the Table is to be 
interpreted in a similar manner . 
It is of i nterest to note that in Sections I (The Decimal System 
of Notation) and II (Basic Understandings of Integers and Processes) the 
concepts "\'Tere unde r stood much better than in Sections III (Basic Under -
standings of Fr actions and Processes), IV (Basic Understandings of 
' Decimals and Pr ocesses) , and V (Basic Understandings of the Rationale of 
Computation). Also , in Sect ion V, none of the items i'tas ansvrered by 75% 
or more of t he students ·. 
·-"-----' --- . -
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Sex Diffe rences 
The t est perf ormances of male and female students was compared 
to see if any significant difference existed between the mean scores 
of t he tuo groups. The frequency distribution for each group no\'1 
TABLE XIV 
Distribution of Scores made by Males 
and Females on the test .• 
Male Female 
Scores _f_ f 
72-75 0 1 
,I 
68-71 1 1 
64-67 0 2 
60-63 2 3 
56-59 2 5 
52-55 4. 2 
4&.51 3 9 
44-47 2 11 
4M3 2 13 
.?6-39 0 9 
32-55 4 10 
28-31 0 2 
24-27 0 1 
20-23 0 2 
16-19 0 1 
N,: 20 N : ' 72 
M-=. 48~90 M. 43_ .•82 
CJ: 9"·98 ~ _, lJ/. 23 
·t 
Difference beb-reen IVIeens 
?r SE of Difference 
t 
= 
= 
= 
Since df =· 90, t must be as large as f .99 to reach even the ~~ 
level of significance , so therefore we have no cause to reject the ntul 
hypothesis and must conclude that the observed difference between the 
mean scores for male and female can be accounted for largely on the basis 
of chance rather than systematic superiority of one group as compared 
l'Tit h the other . 
~Computed from .the .formula : 
SE 
= 
Nl oi+ N2 02_2 Nl +- N2 
--------......... -~ I ~ ..... X --- _ ........... 
Diff 2 
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Since no significant difference \ltas found beti'l'een the mean 
scores for ma.les e.nd females, norms for the 11 Test of Bas ic ¥Ja.thematical 
Understandings11 can be based on the total population . The norms 
in the form of percentile ranks , are presented belo'\'n 
TABLE Y:.l 
Percentile Rar.Uc Chart 
Rights Percentile Rank Ri~>"hts Percentile Hank . 
74 99 45 55 
T5 44 51 
72 
71 
43 45 
42 40 
70 41 36 
69 98 40 33 68 97 39 51 
67 96 38 50 
66 37 27 
65 36 25 
64 95 
65 
35 20 
34 15 
62 35 10 
61 91~ 52 
60 91 51 6 
59 88 50 
58 eF5 29 5 
57 85 28 
56 82 27 
55 26 l~ 
54 79 
55 76 
25 
24 
52 25 5 
51 73 22 
50 70 21 
49 66 20 2 
48· 63 19 
47 18 
46 60 17 1 
It may. b~ ~bse~v~d that 3o% of the group p~ssed- 58 or fe\lrer -items 
on the test , that 5o% passed 50 or more items, and that the middle 4o% 
of the group passed 39-49 items of the 00 on the test·. 
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Reliability 
It seemed desirable to confirm the reliability of the measuring 
instrument for the group involved in this study. Therefore reliability 
coefficients "Vtere computed for the test as a ;.;hole and for each section. 
These coeffici ents are presented in Table XVI belo;'l': 
TABLE XVI 
Reliability Coeffic i ent for each Section 
of the 11 Test of Basic Mathematical Under-
standings11 and for the test as a i·Jhole . 
PART OF THE .TEST ... . . . . . . . . RELIABILITY .. . 
. . . . . . . . . . . - . . . . . . . ',. .. .. . .. .. . ... . ...... . .. . 
Section I • 66 
Sect.ion II . 40 
Section III -. 64 
Section IV ·• 77 
Section v 
·72 
Test in its . 89 
entirety 
I 
It is interesting to note that a high reliability coefficient did 
not exist for each section of the test, individually, but that the 
reliability of the test in its entirety ('. 89) ;·ras quite high . Notice 
especially the loi'l' reliability {'.40) of Section It. 
These reliability coefficients point to the fact that \'le C9J.1 
place much more confidence in an indiv idual ' s score on the t est as a 
"Vthole than we can place in his score on any one section (especially 
Section. II). 
- - =----=---=-=----
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Correlation study 
It seemed advantageous to study the inter-correlations beti'leen 
the various sections of the test . These are presented below in 
Table XVII . 
TABLE XVII 
Inter-correlations between the Various 
Sections of the 11 Test of Basic Mathe-
matical Understandings 11 • 
. I ' ) ) ' ' ,v 
SECT ION I II III r.r 
II 
·51) 
III .1+07 .4)) 
N .47) .457 .542 
v .274 ·.)24 .447 ·549 
None of the inter-correlations is high, but all are statistically 
significru1t (since for 90 degrees of freedom r must equal or exceed 
0.267 to be significant at the 1% level of confidence or beyond)". 
I'1ost of the inter-correlations are lo'l>r enough to . point to a desirable 
degree of independence among the various test sections, in which a 
person's score on each section malres a relatively unique contribution 
to his overall achievement level . 
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Correlations also •·rere computed bet~'l'een each section of the 
test a..'1d the total score minus that section·. These are presented 
below in Table X:viii . 
TABLE XYIII . 
Correlation Coefficients bet\·Teen Scores on 
Each Test Section and Scores· on the Test as 
a i'/hole ~-'linus the Score on that Section 
. . . . . .. . . . . .. 
PART Section Section Section Section 
I II III IV 
. . . . .. . .. 
----
- . . - . . . . 
Total Score 
r•!inus Sec . I 
·509 
. . . . . . . -- .. ... . - . 
Total Score 
Minus Sec . II ·548 
Total Score 
Minus Sec . III . 62) 
. - .. .... . - . . 
Total Score 
Minus Sec . IV • 711 
-. 
Total Score 
Minus Sec . v 
Section 
v 
. .. 
·52) 
All are statistically significant, with the highest correlation 
with total score being f ound in the cases of Section III and Section IV . 
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CHAPTER V 
CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY 
Conclusions 
This investigation sought to study the mathematical understand-
ings possessed by students at the outset of a pre- service course in 
11 1'-l"ethods of Teaching Arithmetic 11 • The follow·ing conclusions may be 
dra'l'm from the observed data. 
(1) Based on t he administeration of Glennon 1s 11 Test of Basic 
Mathematical Understandings 11 the group as a uhole had a relatively 
lm'l' level of understanding of important quantitative concepts commonly 
taught in the elementary grades. The mean number of items correct on 
the Glennon test tras but 56~~ of the total number of items . 
In his o'l'm study, Glennon found the mean score for a comparable 
group of students to be approximately 43% or 44% of the maximum score -. 
1t/hen it is remembered that the scores on Glennon 1s investigation >'l'ere 
corrected for chance t-rhereas the scores in the present investigation 
;·rere not , the findings from both studies are in close agreement in 
pointing to the lm·t level of basic mathematical undeTstandings possessed 1 
by students at the pre-service level . 
Not only are the findings of the present investigation L~ agree-
ment \'lith Glennon 1s observations, but current findings also are in sub-
stantial agreement with those in tl~e Orleans study. 
(2) There 'I'Tere a feu of the simpler concepts in t he test i·rhich 
'1-Tere mastered by all students in the group tested. Ho>·Tever , the per-
formance of the group as a trhole was especially poor in such concepts 
as multiplication and division of fractions , numerical understandings 
of size and place values of decimals, and an understanding of the 
processes involved in multiplying by a t~ro-or-more-figured multiplier. 
(3) There is no reason to believe that sex is a factor in de-
termining the level of mathematical understanding that an individual 
possesses . 
(4) In light of the lm-1 inter-correlations bet~reen test sections, 
it may be concluded that each section of the test vtas relatively in-
dependent, in that the mathematical understandings measured by that 
section contributed uniquely to the total picture gained from the test 
as a \'thole . 
(5) The results of the present investigation clearly point to the 
need f or systematic instruction in basic mathematical understandings 
as part of the pre-service training of elementary school teachers ·. At 
the Boston University School of Education this currently is being done 
in connection 1'11 th the course in 11 l~"~ethods of Teaching Arithmetic 11 • Ho,·t-
ever, the needs of students could be cared for more adequately if an 
appropriate content course, emphasizing important mathematical under-
standings, preceded the professional course ·. 
Suggestions for further studv 
(1) A comparison might be made betHeen the difficulty rankings of 
the 80 test i terns in the present investigation \'lith those in Glennon's 
study . 
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(2) The specific understa.'rldings that l-Tere causing the greatest 
degree of difficulty should be carefully studied so that instruction 
and emphasis in such phases of understruiding may be injected into the 
present instructional program, 11 M'ethods of Teaching Aritr>..metic 11 • 
() ) Since each section of the test had lm.; reliability in itself, 
either of tuo procedures might be follm·red: (1) Increase the length 
of each section by appropriate items in order to increase its reliability, 
or (2) Construct separate tests of adequate length Wid sampling for each 
of the important areas of understanding·. 
(4) Evaluate the attempt that is being made in the 11 Methods in 
Teaching Arithmetic 11 course to improve the level of understandings of 
the students. Measurement before and after the course of instTuction 
is given might be made Wid gains could be evaluated . These added cases 
on the pre-test can be combined 'l'ri th existing dats to establish a re-
vised and more reliable set of norms , and to confirm various present 
findings. 
(5) Determine ·the extent t o 'I'Ihich the pre-service student 1 s 
mastery of mathematical understandings influences the progress in 
aritl~etic made by children during student teaching or actual pro-
fessional service. 
\ 
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APPENDJX 
• 
• 
A TEST OF BASIC l1ATHEMATICAI, UNDERSTANDINGS 
Directions 
This is a test to see how well you understand arithmetic~ You. do not have to 
do any WI"i tten _:Work to find the answers o In fa~t~ you will :Q.ot be permitted to 
work out any written computations whatsoever., · 
The test is divided into five partsg: 
Io The -Decimal .System'of Notationo 
II. Basic Understandings of Integers and Processes o 
IIIo Basic Understandings of Fractions and Processes . 
IV o Basic Understandings of Decimals and Processes o 
v. Basic Understandings of the Rationale of Computation. 
...... - - ; 
Read each statement or question carefully and decide which of the suggested 
answers i s the correct one ., Then write the letter for this answer on the 
proper line on the ansTtTer sheet o All answers are to be recorded in t his way 
on the separate answer sheet o HAKE NO WRITTEN MARKS WHATSOEVER ON ANY OF THE 
TEST SHEETS o 
Sa.n:q:>le Item 
Which of the follmrlng nUlllbers has the largest value? 
Ao 2J Bo 9 C:o J5 Do l.J.5 Eo lJ. 
Since 45 is ·the correct answer, you would write the le·tter ~on the proper line 
on the answer sheet o """ . 
Try each example but do not stay too long on any one statement or questiono If 
you cannot find the ~·er you w..ay go on to the next example and came back to 
the one which you omitted if time permits o 
You may go all the way through the test. without stopping o When you finish the 
examples in one section~ go right on to the next section. 
In Section III you will find shaded diagrams similar to 
the one at t he right · or this page. This diagram shoUld 
be r ead as J/4 (ioeo ~ - three~fourths ) o Read aJ.l diagra.ntB 
in this way, Remember :l:· The value of the .fraction is 
indicated by the white or unshaded part of the diagramo 
When yt are to~d ~~so, begin at the top of the next page and proceed t-bru 
tiiE3tes ~the manner wli!'ch has been indicatedo 
RemeYrtber-g;.; ·DO NO WRITTEN WORK TO FJND THE ANSWERS. Make no written marks on 
----- ~~~~ ~- . 
any of the t est sheets. Record the letter of your choice for each correct 
;nswe; on t he proper line on the answer sheeto 
Note g= This test has been copyrighted (1947) by Dr~ V~ent J o Gllennon.ll 
SE'hool of Education~ Syracuse Universityo The test has been reproducedjl and 
is being used~ by permission of the author o 
t 
• 
• 
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Section L The decimal syst em of notati on . 
le If you rearranged the figures in the number 43~ 125 which 
of the f ollowing arrangements would give the smallest 
number? 
A. 54~321 B. 21~ 345 C. 12~345 
.D. 14,532 E. 13~ 245 
2. If you rearranged the figures in the number 53,429 which 
of the following arrangements woul d gi ve the largest 
number? 
A. 95, 324 B. 95~432 C. 59~432 
D. 95~2 34 E. 95~243 
3. Which of the following has a 3 in the hundreds' place? 
A. 23, 069 B. 86~ 231 C. 49,563 
D. 39 ~ 043 E. 42~304 
4. In the number 2 :~ 222 the 2 on the left represents a value 
how many times as l arge as the 2 on the right? 
A. 1 (same value) B. 10 c. 100 
D. 200 E. 1,000 
5. About how many tens are there in 6542? 
A. 6.5 B. 65! c. 654 
D. 6, 540 E. 65~ 000 
6. If the f i gur es in 23 ~ 469 were rearranged, Whi.ch of' the 
following would place the smallest figure in the tens ' 
place? 
A. 46, 932 B. 96.7 432 G. 69, 234 
D. 34, 629 E. 92$346 
In the number 7 ~ 255 the 5 on the 
how many times as large as the 5 
A. 1 (same value) B. 2 
D. 10 E. 100 
left represents a value 
on the right? 
c. 5 . 
8. Which of the following statements best tells why we write a 
zero in the number 4,039 when we w~it to say #four thousand 
thirty-nine 11 ? 
A. Because the number would say 9f our hundred thirty-nine' 
if we wrote a zero in some other place. 
B. Writing a zero helps us to read the number. 
C. Writing a zero tells us to read the hundreds 1 figure 
carefully • 
D. Because the number would be wrong if we left out a zero some 
place. 
E. Because we use zero as a place=holder to show that there 
is no amount to r ecord in that place. 
9. Which of the following has a 4 in the ten thousands 1 pla·ce? 
A. 423 ~ 102 B. 643 ~ 142 C. 438,116 -
D. 374~ 942 E. 763~ 420 
• 
• 
lOo If the figures in 869 473 were arranged differently9 which of 
the following would place t he largest f igure in the thousands' 
place? 
A. 73,648 B. 38 ~ 467 C. 76 ~ 483 
D. 87~ 643 E. 86~734 
11. In the number 3 ~ 944 t he 4 on the right represents a value 
how many times as large as t he 4 on the left? 
A. 1/10 B. 1/2 C. 5 
D. 1 (same value) E. 10 
In the number 5~ 492 
as lar ge as the 2? 
A. 2 
the 4 represents a val ue how many times 
D. 100 
B. 10 
E. 200 
c. 20 
13. About how many hundreds are there in 34~ 820? 
A. 3t B. 35 C. 350 
D. 3~ 500 E. 35~ 000 
14. Which of the f ollowing met hods is the best for determining 
the value of a f i gur e in a number? f or example ~ the value 
of the 7 in 3748. 
A. Its position in the number. 
B. Its value when compared wit h other figures in the 
number . 
C. Its value in the order from 1 to 9. 
D. Its value when compared with t he whol e of the number. 
E. Its· positi on in the number and its value. 
In the number 7,843 
as large as the 8? 
A. 1/10 
D. 2 
the 4 represents a value how many times 
B. l/20 
E. 20 
c. 1/2 
(Go right on to Section ll) 
• 
• 
=3= 
Section II Basic under standings of integers c;.nd processes. 
l. If you had a bag of 365 marbles to be shared equally by S boys~ 
which would be the quickest way to determine each boyvs share? 
A. counting B. adding C. subtracting 
D. mul tiplyi.ng E. ·dividing 
2. When a whole number is multiplied by a whole number other than 1, 
how does the answer compare with the whole number multiplied? 
A. larger B. smaller C. same 
D. 10 times as large E. can °t tell 
3. When a whole number is divided by a whole number other than 1, 
how does the answer compare with the whole number divided? 
A. larger B. smaller C. same 
D. one-half as large E. can 9t tell 
4. Which of the f ollowing is the quickest way to find the sum of 
several numbers of the same s i ze? 
A. by counting B. by adding C. by subtracting 
D. by multiplying E. by dividing 
S. If t he zeros in the two numbers in this example were left off, 
how woul d the answer be changed? 
6. 
7. 
A. The answer would be ten times as large. 60/ 3720 
B. The answer would be one hundred times as large. 
C. The answer would be one~tenth as large 
D. The answer would be one=hundredth as large. 
E. The answer would not change . 
Here is an example in subtraction in which letters 
instead of f i gur es. Which statement is true g 
A. AFGB and CXU added together equal TWMY. 
B. CXU and TWMY added togethe r equal AFGB . 
C. AFGB and TViMY added together equal CXU. 
D. TWMY subtracted from CXU equals AFGB. 
Eo CXU subtracted from TWMY equals AFGB o 
have been used 
AFGB 
- cxu 
TWMY-
How would t he answer to this example be changed, if 
were added (annexed) to the right of each number? 
a zero 
364 
2936 
14 
438 
A. The answer would be ten times as l arge . 
B. The answer would be one hundr ed times 
as large. 
C. The answer would not change. 
D. Cannot tell until you add both ways. 
E. The answer would be one thousand times as large. 
8. Adding (annexing) two zeros to the right of a whole number has 
the same effect a sg 
A. Adding ten to the number. 
B. Adding one hundred to the number . 
C. Multiplying the number by ten. 
D. Multiplying the number by one hundred. 
E. Dividing the number by one hundr ed. 
• 
9. 
10. 
11. 
12. 
13. 
14. 
=4= 
What would be the effect on the answer if you added 
two zeros to 439 and took away the zero f rom 450? 
(annexed) 
A. The an~1er would be ten times as large. 
B. The answer would be one hundred t imes a s l arge. 
439 
X 450 
C. The answer would remain the same. 
D. The answer woul d be one-tenth a.s large. 
E. The answer would be one-hundredth as large • 
Crossing off a zero from the right side of a number has the 
same effect as g 
A. Subtracting t en 
C. Multiplying by t en 
E. Dividing by ten 
B. Subt racting one hundred 
D. Multiplying by one 
What would be the effect on the answer if you added (annexed) 
two zeros to 92 a~d changed 4500 to 450? 
A. The answer would be ten times as large. 92/ 45oo 
B. The answer would be one-tenth as large. 
C. The answer would be one hundred times as large . 
D. The an~Ter would be one-hundredth as large. 
E. The an~Ner would be one-thousandth as large. 
Which one of the f ollowing methods could be used to find the 
answer t.o this example? 
A. Multiply 17 by the quoti ent . 17/ 612 
B. Add 17 six hundred t welve t i mes. Answer would be the sum. 
C. Subtract 17 from 612 as many times as possible. Answer would 
be number of times you wer e able t o subtract. 
D. Add 612 seventeen times. Answer would be the sum. 
E. Multiply 17 by 612. Answer would be the product . 
If the numbers in a large addition example were changed so that 
the top number was placed at the bottom and the bottom number 
was placed at the top ~ how would the answer be affected? 
A. Answer would be larger . B. Answer woul d be smaller. 
C. Answer woul d not change . D. Could not do the exampl e . 
E. Cannot tell until you add both ways and compare. 
How would t he example be affected if you. put the 29 above 4306? 
A. The answer would be larger . 
4306 B. The answer would be smaller. 
c. The answer would be the same. X 29 
D. Cannot t ell until you multiply both ways . 
' E. You cannot, do the example when the l arge number is on the 
bottom and the small number on top . 
15. What would be the effect on t he answer if you added (annexed) 
two zeros to 39? 
A. The answer would be one hundred times as large. 
B. The answer would be one-hundredth as large . 39/ 859 
C. The answer would be one- thousandth as large . 
D. The answer would not change. 
E. You could not do t he example. 
(Go zoight on t o Section III) 
• 
• 
Section III. Basic un~erstandings of fractions ~ processes • 
1. Which ' of the followin,g fractions is the largest?' 
A. JI/7 __ B., 5(7 ' C:., _ 3/7 D., 11/7 , E.. 6/7 
2. Which ,of these statem,ents best tells why we cannot say that the unshaded 
parts . of this pictUre represent 5 "eighthsii? 
A. Because more than ~/8 of it is unshaded. -
B. Because the unshaded · parts are not together., 
C., Because all the unshaded parts are not the same size. 
D .. Because less than 5/8 of it is iinshaded .. 
E., Because the parts are not the same shape .. 
3 0 Which -of the follOwing fractiolis is the smallest? 
A., 1/9 B., 1/5 G., 1/2 D., 1/7 E. 1/3 
4. Whicn picttire· showshow the resu;tt would look if you divided the nu= 
merator and denominator of 10/8 by 2?.' 
~ EI3:B Bo EE ~ C::o IY.f ~~: ' I 
~/II' rt:~ I Ill 
&EEEB 1~~ ~"I' ~j,l 
•,; ,, 
5. When a whole number is milltiplied by a cominon (proper) fraction.9 how 
does--the answer -compare with the whole ·number? 
A. larger B .. sm.aller c .. same D'., cannot tell Eo hallf as large 
6. Which picture shows how tlie result would look if you divided the nu= 
mer8.tor of this fraction by 2?' ===)> Efi~t . 
lr , 
~ 
ITEl 
7. Which picture best shows the example~ 
A:. I I I 
1--&----IL---.11 ~I ~~~ 
n·DDDD 
DODD I 1--L-I 
I -'11~'1 
_ _J __ ~11/1 : 11:0~ 
8. Wh~n a connnon {proper) fraction is divided by a connnon fraction$ how 
does--the answer cOI!Ipare with the fraction divided?. · 
Ao larger B. smaller C., same 1!. cannot tell . Eo twice as luge 
• 
• 
= 6 ... 
< . 
9 .. Which picture shows how the result would look if you"iiiiiltl.plied the 
numerator and denominator of 3/'5 by 2? 
Be [-1-< ~..1.~-,~~.,.,.='~~..,;~'no:o~f ... ~~-;~....,1 C'e 0 I ~ ~~~~yJ711 
Do I Eo r 1 
' I 
10., Which picture shows how the result would look if _  you multiplied the 
d~rn l~ frMtioo Am --------01-------· I Fi 
Ao OJ ~~ B.. " C., ~, 
D·EE~ 
11 .. When a whole number is divided by a connnon (proper) fractionj how 
does--the answer compare with the whole number?:' 
Ao larger Bo smaller C., same Do cannot tell Ko varies 
12., Which picture looks like this example g 3 * 1/2 ? 1 
A. DDD!DDD B. 00100 
' rn Do I Eo[IJDJDJ 
,,.. 
13., Which sentence best tells why the answer is larger than the 5? 
3 2 5 ~IiliR ~ 
A., Because inverting the divisor turned the 3/4 upside doWn.o 
B., Because multiplying always makes the answer larger., 
e:., Because the divisor 3/4 is l ess than lo 
n:o Because atviding by pr oper and improper f ractions makes the 
arumer -larger than t he number di videdo 
E., Inverting a fraction puts the larger number on tope 
14o Which sentence is· shown by this picture? [11] i I ~~ ~ ._I +-( _..___.._1?'1~4 
A., Fractions with connnon denominators mEcy" be addedo 
B o The value of a fraction is changed i.:t a number is subtracted from 
_ the numerator and denominator., · .· . 
C., Dividing the numerator and denominator of a fraction by the ;,~arne 
number does not change the value of the fractiono 
D~ Fract:ions with the same denominat ors are equal. 
E., Fractions with the same numerators are equalo 
l.5o When a c ommon (proper) fraction is multiplied by a common fractionj ''~ 
how does the answer compare with the fraction multiplied?. 
A., larger B., smaller C., same D., cannot t ell E., varies 
• 
= 7 = 
Section IV., Basic understa..Yldings ~ decimals and processes" 
1., How should you write the decdmal9 12 eight.J; and eight hundredths1i?' (A)· .,8o08 (B) 80 .,800 (C) 80 .,08 (D) 80 .. 008 (E) 8008.,08 
2 .. How should you read this decimal& .,0.309 ?' 
A o Three and nine hundredths .. 
B., Three hundred nine thousandths o 
Co Three hundred nine ten= thousandths .. 
D.. Th:trty=nine thousands o 
E .. Three hundred nine hundredths o 
.3 .. Which decimal tells how long line Y is when compared with line X?' 
line x: , J • , .!\ J ~ ===o~ line Y ~k-=A--~-&-~~ 
(A) o5 (B) o625 (C) lo25 (D~ 75 (K} 3.3 
4 ., About hew many tenths are there in L ,25? (A) ol 3 (B) lo3 (C) 13 (D} 125 (E) 1250 
5., About · how many hundredths are there in o635? 
(A) '1/2 (B) 6Q35 (C) 6.3o5 ,(D) 635 . (E) 6350 
'~'-4~ What would be the effect on t.he a:ru:>·wer if you dropped the zero from 
. 23 o90?:' 
&a The answer would have the same value o 
B o The answer would be one= tenth as large o 
Co The answer would be ten times as large., 
D" You would point . off three places ., 
23o90 
X 2.,75 
Eo It would be the sarrl!B as subtracting zero from the answer o 
7 e Ha-w- would the answer be changed if you changed 6.,5 to .,65 and 
84e5 to 845? 
A., The answer would be the same ., 6erf;/ 84o5 
B o The answer would be ten times as · large ., 
C., The answer would be one hundred times as large .. 
Do The answer would be one=tenth as large o 
E., The answer would be one= hundredth as large. 
8., Which seems to be the correct anb--wer to this exa.mpleg 
ten divided by five=tenths. 
(A) 1/2 (B) 2 (C) lO (D) 20. (E) 50 
9 .. Which decilrtal tells hov1 long line Y is lmen compared with line X?.' 
( ~ine :X:: D (n ) o 5 ~ ) line y L I .A a ' ! ! . ! P::t l o2.5 B l o 0 (C 2 (D) 2 .,40 (E) 2 .,.50 
10 .. Wnic:h of the follCMing decimals has the largest value?' 
. • (A} 30 o3 (B) 30 .. 03 (C) 30o0333 (D) 30 o303 .(E) 30 .. 003 
11., WP .. a:t. would be the effect on the answ;er if you changed 368 to 3680 
~nd 24 to 2 .. ~.?. 368 
A o The answer would be :smaller o x :24 
B ~> It would not change the answer.. ~ 
C.. It would be the same as adding a zero to the answer., 
n·., The answer would be one= tenth as large ., 
E., Cannot tell until you do the example both ways . 
• 
• 
12. Which decimal has the smallest value? 
(A) . 3 (B) . 09 (C) c048 (D) . 693 (E) . 0901 
13 . How would the <l.nswer be affected. if you mo-ved the point one 
place to the left in both numbers? 
A. The answer wou.ld be onc.=tenth as large. 43 .5 
B. The ans;ver would be one=hundred.th as l arge . x 4.8 
C. 'fhe an~nver would be one hundred times as large • 
D. It woul d be the same as subt.racting 100 f rom the answer . 
E. The answer would have the same Yalue. 
How woul d the answer be changed i f you moved the point t wo places 
to the right in both !1Ur1lbers? 
A. The answ·er would have the same value . 
B. The anm·1rer would be one t housand t:Un.es as large. 
C. You would point off differently. · 
D. You cannot move the point in the top number two places . 
E. The answer would be lOs OOO times as large . 
How would the a nswer be affeeted i f you moved the point in 
48.5 • .3 one place tc the right ? 
.Ae The answer woul d be ten t imes as l arge . 
B. The anSlfmr ·.vould he 10 la!'ger. 
c. The ans-..ver -Nould. be one~tenth as large. 
D. The a:ns;,"fer W(mld ha v-e a zero at the right . 
E. The value of the answe r would. be the same. 
How would the answer be affected 
and 1390 to 1.3 . 90? 
i f you changed 7.3 to 73 
A. The answe r would be one hundred t imes as l arge . 
B. The ar1ower would be one~tenth as l arge . 
C. The answ-er would be one thousand times as l arge . 
D. The answer would be one~hundredth as large . 
E. The ansvver would te one=thousandth as l arge. 
About how many tenths are there in .05.5? 
(A) 0 (B) 1./2 (C) .5 (D) 10 (E) 50 
About how many thousandths are t here in 16 . 5? 
(A) 1.7 (B) 17 (C) 170 (D) 1,700 (E) 17~ 000 
19. Why is the answer smalle r than the top number? 
7.3/ 1390 
A. Because 8 is more tha..1 • .5 8 
B. Because you are f inding how many • .5 1 s in 8. x • .5 
C. Because • .5 is less tha n 8. 4.6 
D. When you multiply by a deci.r..TJ.al the answer i s always 
small e r than the top number. 
E. Because multiplying by • .5 is the same as finding half of 
the num. ber • 
20. How would the answe r be changed i f you changed 1.47 to 147? 
A. You would ge t the same answer. 
B. The ans-ner would be ten t :Un.es as large · L47/ 34.75 
C. The answer would be one hundred times as large . 
D. The answer woul d be one~tenth as l arge. 
E . The answer would be one=hundredth as large. 
(Go right on to Se©tion V) 
• 
• 
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Section V Basic -understandings of the rationale of computation. 
lo Why do we find a common denominator when adding fractions with 
unlike denominators? 
A. You cannot add tog~ther things that are different. 
B. It is easier to add f ractions when they have a common 
denominator • 
C. The denominators have t o be the same in order t o add. 
D. We learned to add unlike f r actions that way. 
E. So that all the fractions will have the same value . 
2. When dividing by a de cimal~ why do we move the point t o the r ight? 
A. Mul tiplying by a multiple of ten is a quick way of changing 
a decimal t o a whole number . 
B. It places the decimal point in the quotient correctly. 
C. You can only divide by a whol e number. 
D. To make the divisor equal to the dividend . 
E. I t is easier to divide by a whole number than a decimal . 
3. Which one of the following would give the correct answer to 
this example? 2.1 X 21 
A. The sum of l x 2.1 and 21 x 2.1 
B. The sum of 10 x 2.1 and 2 x 2.1 
c. The sum of 10 x 2.1 and 20 x 2.1 
D. The sum of l x 2.1 and 20 x 2.1 
E. The sum of l x 2.1 and 2 x 2.1 
4. Which statement best tells why we "invert the divisor and 
multiplyn when dividing a fraction by a fract i on? 
s. 
-6 . 
A. It is an easy method of finding a common denominator and 
arranging the numerators inmtiltiplicati on form . 
B. It is an easy me thod for dividing the denominators and 
multiplying the numerators of the 2 fractions. 
Co It is a quick, easy and accurate method of arranging two 
fractions in mul tiplication form. 
D. Dividing by a fraction is the same as multiplying by the 
reciprocal of the fraction. 
E. It is a quick method of finding the reciprocals of both 
fractions and reducing to lowest terms (cancelling). 
Why do we move the second p3. rtial product one place to the 
when we multiply by the 6? 
A. Because the answer has to be larger than 729. 729 
B. Because the six means six tens . X 68 
c. Be cause 6 is the second f i gur e in 68 . 
D. Because we learned to multiply that way. 
E . Because the 6 represents a greater value than the 8 
represents • 
left 
Which statement best tells why we arrange numbers in addi tion 
the way that we do? 
A. It is an easy way to keep the numbers in straight columns ~ 
B. I t helps us t o add correctly. 
C. It helps us add onl y t hose numbers in t he same position. 
D. It helps us to ·carry correctly from one column to another. 
E. It would be harder to add if the numbers were mixed. 
.. 
• 
•• 
7. 
8. 
9. 
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When you multiply by the 4 in 48 you will 
how large compared with t he final answer? 
get a number that is 
A. One- twelfth as large . 
B. One-tenth as large . 
C. One- half as large . 
D. Five-sixth as large. 
E. Twice as large • 
485 
X 48 
The answer to this example will be how large when compared with 
the 69? 
A. Twice as large . 
B. Sixty-nine times as large. 
c. One -sixty-ninth as large . 
D. Eight hundred twenty-seven times as large . 
E. 1 as large . 
m 
827 
X 69 
Which statement best tells why it is necessary to 1borrow 1 
this example? 
. A. Because the top number is smaller than the bottom 
number . 
B. You cannot subtract 92 from 67 . 567 
c. You cannot subtract 9 tens from 6 tens. -~ 
D. You cannot subtract 39 tens from 56 t ens . 
E. You cannot subtract 9 from 6. 
in 
10 . Which statement best tells why we carry 2 from the second column? 
A. The sum of the second column is 23 which has two 
figures in it. We have room for the 3 only,~~ so 251 
we put the 2 in the next column. 161 
B. The sum of the second column is more than 20 ,~~ so 252 
we put the 2 in the next column . 271 
C. Because we learned to add that way . 
D. The value represented by the figures in the second column 
is more than 9 tens ,~~ so we put the hundreds in the next 
column ~ - · ··· · · 
E. If we do not carry the 2, the answer will be 20 less than 
the correct answer. 
11. In this example you multiply by the 6 .~~ then by the 3. 
How do the two results (partial products) compare? 749 
A. The second represents a number one- half as x 36 
large as the first. 
B. The second represents a number twice as large as the first. 
C. The second represents a number fiv-e times as large as the 
first . · 
D. The second represents a number ten times as large as the 
first . 
E. The second represents a number twenty times as large as the 
first . 
12. Which would give the correct answer t o 439 x 563? 
A. Multiply 439 x 3.7 439 x 6; 439 x 5 - . then add .answers . 
B. Multiply 439 x 3' 439 x 63.7 439 x 563 3 then add answers. 
C. Multiply 563 x 9; 563 x 3; 563 x 4 - then add answers . 
D. Multiply 563 x 9.7 563 x 39 ; 563 x 439 - then add answers. 
E. Multiply 439 x 3; 439 x 60; 439 x 500 - _then add answers . 
• 
• 
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13. Which statement best explains the 4 in the answer? 
48 A. The 4 means that there are forty- eight 26 1 s in . 
1248. 
B. The 4 in the answer mea..r1s that there are four 
26's in 1248 . 
C. The 4 means that 2 goes into 12 four times ~ ~~d 
5 would be too large • 
26/ 1248 
104 
208 
208 
D. The 4 means that there are at least forty 26 1 s 
in 1248. 
E. The 4 means that the answer will come out even. 
Here is an example in subtraction of mixed numbers in which 
it is necessary to 11borrow." Which statement best explains 
the borrowing. 
A. You cannot subtract 5/8 from 3/8 ~ so you take 1 
from the 5 and put it in front of the 3 making 
13. 
B. You cannot subtract 5/8 from 3/8 so you add the 
3 and the 8 making 11/8 . 
C. You cannot subtract 5/8 from 3/89 so you turn them 
around and subtract 3/8 from 5/8 . 
. 3 5 g 
D. You cannot subtract 5/8 fran 3/8 ~ so you take 1 fran the 
5 and add it to 3/8 making it 4/8 . 
E. You cannot subtract 5/8 from 3/8 ~ so you take 1 from the 5 
and change it to 8/8 ; then add the 8/8 to 3/8 making 11/8. 
Which statement best explains what happens when you reduce a 
fraction to lowest terms? 
A. The size of the terms and the value of the fraction become 
smaller . 
B. The value of the fraction does not change . The size of 
the part represented by the new denominator is smaller, 
and the number of parts represented by the new numerator 
is less. · 
C. The value -of the fraction does not change. The terms are 
smalle'r 9 but they represent more parts of larger size .. 
D. The value of the fraction does not change, but the parts of 
the fraction represented by the new numbers become fewer in 
number and larger in size. 
E. The value of the fraction changes b~q~use the new numbers 
are smaller . 
End 
. 
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